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Context

« Seasonal water supply
forecasts inform
Western U.S. water
management

Calendar influenced by
the “snow year”

~Goal: predict Spring-
Summer Runoff given
present snowpack and
antecedent precipitation
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Research Questions

* How will climate change impact seasonal
water supply predictability?

— For many western U.S. basins, snowpack
contributes to predictability.

— Loss of snowpack should eventually impact
predictability (Dettinger & Culbertson 2008).

 How can we factor predictability changes
into long-term assessments of reservoir
operations and water management?
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Study #1:
Transient Predictability,

eight western U.S. basins




Approach

Select Ensemble of Climate Projections, 1950-2099.

...make Ensemble of Basin Hydroclimate Projections
(P, SWE, Runoff), 1950-2099

process-based hydrologic simulation modeling

...make Ensemble of Forecast Projections, 1981-2099
series of forecast models within each hydroclimate projection
decadal model updates, similar to NRCS procedures

Evaluate validation forecast skill through time as
climate changes.

Various metrics (r¢, RMSE, ratio of RMSE to Mean Actual)




Case Study Basins
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Selected Climate Projections
(Bias-corrected, Spatially Downscaled)

http://gdo-dcp.uclinl.org/downscaled _cmip3_projections/

112 CMIP3 Projections

— 16 models, 3 emission scenarios,
and multiple initializations for
model-emissions combination

Variables:

— Precipitation Rate (mm/day)

— Mean Daily Temperature (°C)
Temporal Coverage and
Resolution

— 1950-2099, monthly

Spatial Coverage and Resolution

— Contiguous U.S., 1/8° (~12km x
12 km)

Developers

— Reclamation, Santa Clara
University (Ed Maurer), LLNL
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Bias Corrected and Downscaled
WCRP CMIP3 Climate Projections

This site has been optimized for Internet Explorer (IE) 6., IE 7., and Firefox 2.*

(updated
January 25, 2010 - Now serving
Gridded Observations and
intermediate BCSD data
products)

Summary

This archive contains fine spatial-resolution
translations of 112 contemporary climate
projections over the contiguous United States
The original projections are from the
(WCRFP’s)

(CMIP3) multi-model dataset, which was
referenced in the Intergovernmental Panel on
Chmate Change Fourth Assessment Report
Please see the "About” for information on data
development, including the methodology to
perform chmate model beas-correction and
spatial downscaling

Burpose

The archive was developed to prowde planning
analysts access to chmate projections
spatially downscaled to a finer spatial
resolution. Such access permits several types

Requires JavaScnpt to be enabled

Figure 1: Median projected change in average-annual
precipitation (crm/year), 2041-70 versus 1971-2000

Figure 2. Geographic Distnbution of Projection Requests
through December 2009. Plot shows spabial histogram of
projections, sum at each 1/8° downscaling location. Colorbar
shows range of projection counts. Astensks show locations of
data requests




Making Hydroclimate
Projections

SNOW
ACCUMULATION
AND ABLATION

MODEL (SNOW-17)

‘Areal Exte:

Fig. K Werner

Application:

1.

generate weather inputs following
Wood et al. 2004, translating from

monthly BCSD data into 6-hourly
weather

use Hamon to adjust input PET
given T change

simulate runoff.

Simulation Model:
SacSMA/Snow17

Basin-applications from four
collaborating NWS River Forecast
Centers (Missouri Basin,
Northwest, Colorado Basin,
California-Nevada)

Sacramento Soil
Moisture
Accounting Model
(SAC-SMA)




Basin-Mean Temp. (F)

Basin-Mean SM. (in)

Annual Runoff, TAF

Example Hydroclimate Projections — Trinity Basin
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Making Forecast Projections
(~consistent with NRCS & NWS procedures)

Statistical Framework

— PC Regression: Q = function of SWE and P

At-Issue antecedent

Predictors and Predictands

— Predictands: Qup.yu, Quar-sune (Jan, Feb, Mar, Apr issues)
— Predictors distributed by subbasins and their elevation zones

Consolidating Predictors:
— Focused on higher elevation zones’ P & SWE

Forecast Model Updating:

— Calibrate to retrospective 30 years ...

— Apply to next 10 years, get validation results...
— Update model every 10 years ...
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Trinity Ensemble:

Hydrologic Impact (Qa.ju)
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Trinity Ensemble:
Predictability Impact (April Issue of Qup,.jy)
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All Basins’ Ensembles: Issuey,,, Qo jus
Predictability Impact
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All Basins’ Ensembles: Issuey,,, Qo jus
Predictability Impact
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Uncertainties

Climate Projections
— specifying emissions, GCMSs, initial conditions...

* Hydrologic Simulation Model

— model structure, parameterization, weather inputs

* historical weather used to calibrate hydrology model differs
from that used to bias-correct and spatially downscale climate
projections

« Water Supply Forecast Model
— Model Structure, Predictor Selection, etc
— Mean-Area Predictors, unrealistic information sampling
— Why are some results so extreme (good or bad)’? i
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Study #2.
Period-Change in Predictabillity,
Pacific Northwest basins

« Acknowledgment to Univ. WA Climate Impacts Group
(UW CIG) for providing simulated hydroclimate data.

« Study completed as an interagency effort sponsored
by Reservoir Management Joint Operating Committee

RMJOC (2010) “Climate and Hydrology Datasets for use in the RMJOC Agencies’
Longer-Term Planning Studies: Part | - Future Climate and Hydrology Datasets”,

prepared jointly by Bureau of Reclamation, Bonneville Power Administration, and
U.S. Army Corps of Engineers, 209pp.

RECLAMATION




Approach

1. Define period climates

—  UW CIG HB2860 Data:
Historical, six scenarios of both Hybrid-Delta (HD) 2020s and HD 2040s.
Each climate (historical, HD####) features variabiliity from obs.1916-2006.

2. ...make Basin Hydroclimate data (P, SWE, Runoff)
. UW CIG’s 1/16° VIC app. of the Columbia-Snake River Basin

3. ...make Forecast data

«  Single forecast model calibrated to climate period (omniscience)
Unlike Study #1, no model decadal updating in-period, otherwise similar

. Spatial predictor samping constrained to be near real monitoring!

4. Evaluate calibration forecast skill across climates.
«  Various metrics (r2, RMSE)
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YAPAR
Elevation {meters)

! ! ! ! ! ! ! !
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YAPAR historical
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YAPAR historical
Correlation: Apr-Jul Runoff Oct-Dec Precip.
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SWE Jan SWE Feb
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YAPAR historical
Correlation: Apr-Jul Runoff SWE Jan
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Regression Results:
r¢, Historical (black)
and HD 2020s

Climate:
Histarical and 2020s
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Reg reSS i O n Res u ItS : Basin {YAPAR), Issue {Jan) Basin (YAPAR), Issue (Feh)
r¢, Historical (black)

Forecast Period (Apr-Sep) Farecast Period (Apr-Sep)

T T T T T

oW o
o o
= Hist = Hist
|
o MAD o MAD
T c LD % c LW
g @ LwiC 2 ® Lwic
=® C =T C o saie et el
and HD 2040s ST S5
5 Ly —r————lE R R = Ly e — _---;---;---
% 0010203040506070808 1 % 0010203040506070809 1
? ?
Basin {YAPAR), Issue (Man Basin {YAPAR), Issue (Apn)
& Forecast Period (Apr-Sep) & Forecast Period (Apr-Sep)
by T T T T T T T =+ T T T T T T T T
2 Hist b~ Hist -
aj g MWD o MWD oo
% & LwD % & LwD -
£ ® LWig 2 & Lwic i
=TT C =TT C -
O o MAY O S MR - -
SR eereerererere——— S L — - -
% 0010203040506070809 1 % 0010203040506070809 1
? 2
Basin (YAPAR), Issue (May) Basin (YAPAR), Issue (Jun)

Forecast Period {May-Sep) Farecast Period {Jun-Sep)

Climate
Historical and 2040s
Climate
Histarical and 2040s

0010203040506070809 1 0010203040506070809 1

2 o

Basin {YAPAR), Issue {Jul)
Forecast Period (Jul-Sep)

00102030405060708089 1

r2

Climate
Historical and 2040s




Reactions

* For most other PNW basins, predictability in HD2020s
and HD 2040s climates found to be similar to that in
Historical, perhaps slightly weaker.

« Impacts on predictability seems most apparent for early
Winter forecast issues and late Spring forecast issues

— (e.g., January issues of spring-summer volume, or June issue for
summer volume)...

— This seems physically intuitive (i.e., warming leads to less early
season snowpack which negatively affects early Winter
forecasting, or warming leads to less late-season snowpack and
negative affects late Spring forecasting).

B lI—I "NY A \NA

j i \y 4 :
A ' | A A J A
Ity — { f B e J Jf B
- {1 B / % . / / %
o, 6 u / L 3
% — oy |
W, 7 9 g 'y o W | Y
N { SN 'y A A Y w A

Y S N V- . A




Summary

« We've introduced a framework for:

— generating forecast projections consistent with
hydroclimate projections (Study #1)

— generating period-shifts in forecast characteristics
consistent with hydroclimate changes (Study #2)

« We're apply Study #2 framework within the RMJOC reservoir
operations impact assessment.




Summary

* Predictability impacts:

— (Study #1) onset of reduce predictability appears to
vary among Western U.S. basins; sooner for basins
with more “at-risk” snow...

— (Study #2) early- to mid-21st century, it appears that
early Winter and late Spring forecast issues will be
impacted first... However, results were limited to
sampling predictor information from real-world
monitoring. Are these locations ideal for forecasting
service in the future?
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